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Hierarchical  porous  carbon  foams  (denoted  as  HPCFs)  is  prepared  through  a  novel  self-template  strategy 
based  on  banana  peel.  Banana  peel,  which  contains  natural  porous  structure  formed  by  biopolymers  in 
cell  walls,  can  absorb  ions  and  phenolic  compounds.  The  carboxylic  and  hydroxyl  groups  on  the  pores’  sur¬ 
face  will  coordinate  with  zinc  ions  to  form  zinc  complexes.  These  zinc  complexes  which  are  similar  with 
metal-organic  frameworks  are  used  as  self-template,  and  the  aminophenol  furfural  resin  polymerized  in 
the  pores  of  complexes  is  used  as  the  additional  carbon  source  to  create  hierarchical  porous  structure  dur¬ 
ing  the  carbonization  process.  The  resulted  HPCFs  are  composed  of  macroporous  cores  with  mesoporous 
and  microporous  channels.  The  unique  self-supported  hierarchical  structure  possesses  a  high  specific 
surface  area  (1650m2g_1)  and  provides  a  more  favorable  path  for  electrolyte  penetration  and  trans¬ 
portation,  which  give  rise  to  the  excellent  electrochemical  property  of  HPCFs  as  an  electrode  material  for 
supercapacitor.  The  calculated  specific  capacitance  of  HPCFs  electrode  in  6  mol  L_1  KOH  is  206  F  g-1  at  a 
current  density  of  1  Ag_1,  while  the  specific  capacitance  still  exhibits  relative  high  (182  Fg_1 )  at  a  higher 
current  density  of  10  Ag_1  with  the  retention  of  88%. 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Porous  carbon  materials  represent  very  attractive  materials  for 
use  as  catalyst  supports  [1,2],  adsorbents  [3],  and  electrode  mate¬ 
rials  [4-8].  Extensive  methods  [9-15]  including  laser  ablation  [9], 
electrical  arc  [10],  chemical-vapor  decomposition  [11],  nanocast¬ 
ing  [12,13],  and  chemical  or  physical  activation  [14]  have  been 
employed  to  prepare  various  carbon  materials  for  different  appli¬ 
cations.  As  advanced  electrode  materials  for  supercapacitors,  it  is 
desirable  to  structure  the  porous  carbon  with  pores  of  multi-scales. 
Ion-buffering  reservoirs  formed  in  the  macropores  to  minimize  the 
diffusion  distances  to  the  interior  surfaces  [6].  The  mesoporous 
channels  provide  low-resistant  pathways  for  the  ions  through  the 
porous  particles  [7],  and  the  micropores  strengthen  the  electric- 
double-layer  capacitance  [8].  Therefore  optimum  pore  structures 
are  supposed  to  possess  smaller  pores  interconnected  with  larger 
sets  of  pores,  which  could  achieve  high  surface  area  and  efficient 
ion  diffusion  pathways  simultaneously.  Among  these  reported  car¬ 
bon  materials,  hierarchical  porous  carbons  have  been  proposed  to 
yield  good  specific  energy  density  and  power  density  [5]. 

Recent  research  [16-20]  has  shown  that  several  metal-organic 
coordination  polymers  or  metal-organic  frameworks  (MOFs)  such 
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as  Zn40(00CC6H4C00)3  (MOF-5)  [16,20]  can  be  used  as  the  tem¬ 
plates  or  precursors  for  the  preparation  of  porous  carbon  with  high 
surface  area.  In  2008,  Liu  et  al.  [16]  firstly  reported  the  use  of  MOF- 
5  as  a  template  for  preparing  nanoporous  carbon,  which  exhibits 
high  surface  area  and  excellent  electrochemical  performance  as  an 
electrode  material.  In  2010,  Hu  et  al.  [20]  prepared  porous  carbon 
for  supercapacitors  through  the  direct  thermolysis  of  MOF-5  with 
or  without  phenolic  resin  or  carbon  tetrachloride  and  ethylenedi- 
amine  as  the  additional  carbon  sources.  They  found  that  different 
carbon  sources  can  result  in  different  pore  structures.  In  2011, 
Radhakrishnan  et  al.  [19]  demonstrated  the  preparation  of  micro- 
porous  carbon  fibers  through  carbonization  of  Al-based  MOFs  with 
furfuryl  alcohol  under  an  inert  gas  atmosphere.  Interestingly,  the 
fibrous  morphology  of  the  original  MOFs  is  successfully  retained 
after  the  carbonization  process.  However,  in  order  to  obtain  specific 
MOFs,  pure  reagents  and  the  strict  control  of  reaction  conditions  are 
required  [21 ,22].  Therefore  these  reported  synthetic  procedures  for 
porous  carbon  are  still  complicated  and  the  preparation  costs  are 
relatively  high. 

On  the  other  hand,  many  natural  materials  are  generally 
abundant,  renewable,  inexpensive  and  environmentally  benign 
compared  to  artificial  templates  and  precursors.  Using  natural  bio¬ 
logical  components  to  construct  carbon  materials  has  received 
extensive  attention  [23-25].  Growing  high-quality  carbon  materi¬ 
als  from  these  low-valued  carbon  sources  opens  an  effective  way  to 
convert  the  waste  carbon  sources  into  a  high-value-added  product. 
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Fig.  1.  Schematic  illustration  of  the  formation  process  of  HPCFs  and  HPCF-0. 


Banana  peel,  a  common  agricultural  waste,  represents  40%  of  the 
total  weight  of  fresh  banana.  The  texture  of  banana  peel  contains 
abundant  porous  structure  which  is  formed  by  biopolymers  in  plant 
cell  walls  such  as  celluloses,  hemicelluloses,  pectins,  lignins  and 
proteins  [26].  Some  investigations  had  reported  that  banana  peel 
is  an  economical  and  selective  sorbent  for  the  adsorption  of  phe¬ 
nolic  compounds  as  well  as  heavy  metal  ions  such  as  Cu(II),  Ni(II), 
Cr(IV),  Cd(II),  and  Pb(II)  from  aqueous  solution  not  only  due  to  their 
pore  structures  but  also  attributed  to  the  carboxyl  and  hydroxyl 
groups  on  the  surface  of  pores,  which  can  easily  bind  to  metal  ions 
to  remove  metal  ions  from  solution  [27-33].  Recently,  banana  peel 
extract  was  used  for  the  synthesis  of  palladium  nanoparticles  and 
silver  nanoparticles  [32,33]. 

Herein,  we  report  a  novel  self-template  strategy  for  the  synthe¬ 
sis  of  hierarchical  porous  carbon  foams  (denoted  as  HPCFs)  based 
on  banana  peel.  The  carboxylic  groups  and  hydroxyl  groups  on  the 
pores’  surface  of  banana  peel  could  coordinate  with  zinc  ions  to 
form  zinc  complexes  which  are  similar  with  metal-organic  frame¬ 
works.  This  banana  peel  based  zinc  complexes  were  used  as  the 
self-template,  and  the  aminophenol  furfural  resin  polymerized  in 
the  pores  of  complexes  was  used  as  the  additional  carbon  source  to 
prepare  HPCFs.  The  obtained  HPCFs  possess  high  surface  area  with  a 
well  designed  3D  interconnected  porous  texture  combining  macro- 
porous  cores,  mesoporous  channels  and  micropores,  which  give 
rise  to  excellent  performances  as  an  electrode  material  for  super¬ 
capacitor.  Besides,  owing  to  its  ease  and  low  cost  of  production, 
this  self-template  approach  would  be  industrially  feasible.  There¬ 
fore,  the  present  finding  provides  the  promising  prospects  for  the 
application  of  HPCFs  as  electrode  materials  in  supercapacitors. 


2.  Experimental 

2  A.  Syntheses  of  HPCFs 

The  formation  process  of  the  HPCFs  is  based  on  a  simple  and 
reproducible  pathway  (Fig.  1).  In  a  typical  procedure,  firstly,  the 
collected  biomaterial  was  extensively  washed  under  water,  cut 
into  small  pieces  (Fig.  la),  and  then  marinated  in  2molL_1  zinc 
nitrate  solution  for  a  week  at  70  °C.  The  absorbed  zinc  ions  were 
coordinated  with  the  carboxylic  groups  and  hydroxyl  groups  on 
the  surface  of  banana  peel  and  the  brown  zinc  complexes  (Fig.  lb) 
were  obtained  after  drying  at  60  °C.  Secondly,  the  zinc  complexes 
were  further  suspended  in  a  solution  containing  furfural  and  2- 
aminophenol  for  a  week  at  70  °C,  the  resultant  material  was  dried 
and  subsequently  cured  at  120°C.  In  the  process,  the  furfural  and 
2-aminophenol  molecules  entered  the  natural  pores  of  the  zinc 
complexes  (Fig.  lc),  then  they  were  polymerized  together  in  the 
pores  and  co-assembled  into  a  composite  of  the  aminophenol  fur¬ 
fural  resin-zinc  complexes  (composite  1)  (Fig.  Id).  Finally,  the 
carbonization  of  composite  1  was  performed  at  1000°C  for  8h 
under  N2  atmosphere  to  obtain  HPCFs.  As  a  comparison,  we  synthe¬ 
sized  another  carbon  material  (denoted  as  HPCF-0)  through  direct 
carbonization  of  banana  peel. 

2.2.  Characterization 

Infrared  (IR)  spectra  were  measured  in  KBr  pellets  on  a  Nico- 
let  5DX  FT-IR  spectrometer.  Elemental  analyses  were  performed 
on  a  Perkin-Elmer  2400II  elemental  analyzer.  Thermal  gravimetric 
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Fig.  2.  IR  spectra  of  dried  banana  peel  (a)  and  composite  1  (b)  obtained  with  1  mg 
of  adsorbent  and  500  mg  of  KBr. 

(TG)  analysis  was  carried  out  using  a  Netzsch  STA  449C  ther¬ 
moanalysis  instrument  in  the  temperature  range  of  30-1 000  °C 
with  a  heating  rate  of  5  Kmin-1  under  nitrogen  atmosphere.  Pow¬ 
der  X-ray  diffraction  (XRD)  experiments  were  taken  on  a  Bruker 
D8  Advance  diffractometer  with  Cu  Ka  {X  =  0.154056  A)  radia¬ 
tion.  Raman  spectra  were  obtained  by  using  a  Renishaw  Invia 
system,  under  Aexc  =  514nm  laser  excitation.  Nitrogen  adsorp¬ 
tion/desorption  isotherms  were  measured  at  the  liquid  nitrogen 
temperature  using  a  Micromeritics  Tristar  3000  analyzer.  Scanning 
electron  microscopy  (SEM)  image  was  obtained  by  using  Philips 
XL-30  SEM.  Transmission  electron  microscopic  (TEM)  observations 
were  conducted  on  a  JEOL2100  microscope  operated  at  200  kV. 

2.3.  Electrochemical  evaluation 

The  electrochemical  measurements  were  done  in  a  conventional 
three-electrode  experimental  setup  [34-36].  The  electrolyte  was  a 
7  mol  L-1  KOH  aqueous  solution.  Saturated  calomel  electrode  (SCE) 
was  used  as  reference  electrode,  and  nickel  foams  as  the  counter¬ 
electrode.  The  working  electrode  was  prepared  without  adding 
any  conductive  agents.  The  powder  of  HPCFs  were  mixed  with 
polytetrafluoroethylene  with  a  mass  ratio  of  9:1.  The  mixture  was 
pressed  between  two  pieces  of  nickel  foam  under  30  MPa.  There¬ 
after,  the  0.50  mm  thick  electrode  was  dried  overnight  at  100°C. 
Cyclic  voltammograms  and  galvanostatic  charge-discharge  behav¬ 
ior  were  tested  in  electrolyte  of  6molL-1  KOH  using  CHI  660D 
electrochemical  workstation,  and  the  potential  window  was  cho¬ 
sen  in  the  range  of  - 1 .0  to  0  V  versus  SCE.  The  specific  capacitances 
calculated  from  the  CV  curves  are  based  on  the  following  equation: 
Cs  =  (J/m)/(dE/dt),  where  I  is  the  current  at  -0.50  V,  dE/dt  is  the  scan 
rate,  and  m  is  the  mass  of  active  material.  The  specific  capacitance 
calculated  from  galvanostatic  charge-discharge  cycling  experi¬ 
ments  are  calculated  by  the  equation  of  Cg  =  iAtl{AVm),  where  i 
is  the  constant  discharging  current,  At  is  the  discharge  time,  AV 
is  the  voltage  window  from  the  end  of  the  ohmic  drop  to  the  end 
of  the  discharge  process,  and  m  is  the  mass  of  active  materials  on 
single  electrode. 

3.  Results  and  discussion 

IR  spectra  of  dried  banana  peel  (a)  and  composite  1  (b)  are 
shown  in  Fig.  2.  The  spectra  of  dried  banana  peel  (Fig.  2a)  dis¬ 
played  a  number  of  peaks.  Adsorption  bands  appearing  at  3403.8, 
2927.5,  2856.1,  1733.7,  1623.8,  1384.7,  1035.6  and  891.0cm-1  in 
Fig.  2a  were  assigned  to  O— H  stretching,  C— H  stretching  of  alkane, 
C— H  and  C=0  stretching  of  carboxylic  acid  or  ester,  COO-  anion 
stretching,  O— H  bending,  C— O  stretching  of  ester  or  ether  and 
N— H  deformation  of  amines  respectively  [37].  Fig.  2b  shows  the 


Fig.  3.  TG  curves  of  dried  banana  peel  (a)  and  composite  1  (b)  used  in  this  work  at 
a  heating  rate  of  10°Cmin-1  with  a  nitrogen  flow. 

FT-IR  spectrum  of  composite  1 .  As  expected,  compared  with  that  of 
dried  banana  peel  (Fig.  2a),  the  prominent  peak  intensity  of  car¬ 
boxylic  groups  and  hydroxyl  groups  at  3403,  2928,  1734,  1624 
and  1036  cm-1  was  significantly  reduced,  confirming  the  coordina¬ 
tion  linkage  of  carboxylic  acid  and  hydroxyl  groups  with  zinc  ions. 
Besides,  there  are  several  new  weak  absorbed  peaks  appearing  at 
827,  733  and  687  cm-1  which  were  attributed  to  the  vibrations  of 
the  aromatic  compounds,  and  a  new  peak  founded  at  1356  cm-1 
should  be  attributed  to  the  anti-symmetric  stretching  vibrations 
of  nitrate.  It  has  been  reported  that  banana  peel  can  be  used  as 
biosorbent  for  adsorbing  phenolic  compounds  [28]  and  metal  ions. 
The  carboxyl  groups  and  hydroxyl  groups  of  banana  peel  can  form 
coordination  linkages  with  metal  ions  [27,38].  These  results  indi¬ 
cate  that  banana  peel  was  coordinated  with  zinc  ions  and  adsorbed 
furfural  and  2-aminophenol  which  further  co-assemble  into  com¬ 
posite  1  after  polymerization. 

When  being  subjected  to  thermal  treatment  with  a  N2  flow,  the 
zinc  complexes  in  composite  1  acted  as  the  template  was  trans¬ 
formed  into  the  ZnO/carbon  composites  at  550  °C,  At  temperatures 
higher  than  800  °C,  ZnO  was  reduced  into  metallic  zinc  [  1 6,39]  dur¬ 
ing  the  carbonization  process,  and  at  1000°C,  metallic  zinc  was 
vaporized  in  the  N2  flow,  leaving  carbon  species  alone  in  the  result¬ 
ing  HPCFs  sample.  As  shown  in  Fig.  3,  the  TG  curves  of  dried  banana 
peel  and  composite  1  indicated  that  the  rate  of  residual  carbon  of 
composite  1  was  36.4%,  more  than  that  of  dried  banana  peel  (31 .6%). 

C,  H  and  N  elemental  analysis  show  that  as-synthesized  HPCFs 
contains  87.4  wt.%  of  carbon,  1.6wt.%  of  hydrogen,  and  4.3  wt.%  of 
nitrogen,  while  HPCF-0  contains  86.2  wt.%  of  carbon,  2.1  wt.%  of 
hydrogen,  and  0.6  wt.%  of  nitrogen.  It  is  clearly  demonstrated  that 
N  incorporates  into  the  framework  of  HPCFs.  It  was  reported  that 
increasing  the  nitrogen  content  of  carbon  materials  could  enhance 
their  graphitization  degree  [40,41  ],  and  consequently  improve  their 
electrical  conductivity.  As  shown  in  Fig.  4,  the  XRD  pattern  for 
HPCFs  displays  two  broad  peaks  at  20  =  25  and  44°,  correspond¬ 
ing  to  the  (0  0  2)  and  (10  0)  diffractions  for  carbon.  No  diffractions 
were  observed  for  Zn  species  in  HPCFs.  However,  there  was  no 
significant  peak  in  the  XRD  pattern  of  HPCF-0,  indicating  its  amor¬ 
phous  state.  The  empirical  parameter  (R)  was  used  to  evaluate  the 
degree  of  graphitization,  which  is  defined  as  the  ratio  of  height 
of  the  (0  0  2)  Bragg  peak  to  the  background  [42,43],  Therefore  the 
degree  of  graphitization  of  HPCFs  is  higher  than  that  of  HPCF-0.  The 
Raman  spectra  of  HPCF-0  and  HPCFs  are  displayed  in  Fig.  5.  Both  the 
spectra  show  a  distinct  pair  of  broad  bands  around  1580  (G  band) 
and  1340  cm-1  (D  band).  The  G  band  and  D  band  are  assigned  to 
the  hexagonal  carbon  plane  and  crystal  defects  or  imperfections, 
respectively.  The  ratio  of  the  relative  intensity  of  these  two  bands 
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Fig.  5.  Raman  spectra  of  HPCF-0  and  HPCFs. 


(JD/JG)  is  proportional  to  the  number  of  defect  sites  in  the  graphite 
carbon.  The  lower  the  ratio  is,  the  higher  the  graphitization  is  [4]. 
It  can  be  calculated  that  the  JD/JG  ratio  of  HPCF-0  is  0.93  and  that 
of  HPCFs  is  0.76.  The  result  confirmed  that  HPCFs  has  much  higher 
graphitization  degree  and  consequent  higher  conductivity  in  com¬ 
parison  with  HPCF-0. 

As  shown  in  Fig.  6a,  the  Type-IV  [44]  nitrogen  sorption  isotherms 
for  HPCFs  suggest  the  existence  of  different  pore  sizes  from 
micro-  to  macropores.  The  steep  increase  in  the  adsorbed  vol¬ 
ume  at  low  relative  pressure  is  related  with  the  presence  of 
micropores,  the  desorption  hysteresis  at  medium  relative  pres¬ 
sure  reveals  the  existence  of  developed  mesopores,  and  the  almost 
vertical  tails  at  a  relative  pressure  near  to  1.0  denotes  the  pres¬ 
ence  of  macroporosity.  Therefore,  the  hierarchical  pore  structure 
of  HPCFs  is  composed  of  micropores,  mesopores  and  macrop¬ 
ores.  The  Brunauer-Emmett-Teller  (BET)  surface  area  of  HPCFs 
is  1650  m2  g-1  with  the  total  pore  volume  of  1.26  cm3  as  well  as 
the  average  pore  size  width  of  3.01  nm.  In  contrast,  the  nitrogen 
sorption  isotherm  is  an  approximately  typical  Type-I  for  HPCF-0, 
indicating  its  apparent  micropore  characteristic.  The  BET  surface 
area  of  HPCF-0  is  only  131  m2g-1.  The  pore  size  distributions 
of  HPCFs  and  HPCF-0  calculated  from  the  nitrogen  desorption 
branches  by  Barrett-Joyner-Halenda  analysis  are  given  in  Fig.  6b. 
HPCFs  display  typical  hierarchical  pore  size  distribution  with  a 
highest  peak  centering  at  ca.  3.6  nm,  as  well  as  several  lower  peaks 
centering  at  ca.  1 .8, 2.8  and  1 6.4  nm.  It  can  be  clearly  observed  that 
the  majority  of  pores  of  HPCFs  are  located  in  the  region  of  meso¬ 
pores.  In  comparison,  the  pore  sizes  of  HPCF-0  are  located  in  the 
region  of  micropores. 

More  structural  details  were  investigated  by  SEM  (Fig.  7)  and 
TEM  (Fig.  8)  observations.  Fig.  7a  shows  the  texture  of  the  macro- 
porous  cores  of  HPCF-0,  the  sizes  of  most  pores  are  larger  than 


Fig.  6.  Nitrogen  adsorption-desorption  isotherms  (a)  and  pore  size  distributions  calculated  from  N2  desorption  isotherms  (b)  for  HPCF-0  and  HPCFs. 


Fig.  7.  SEM  images  of  HPCF-0  (a)  and  HPCFs  (b). 
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Fig.  8.  TEM  images  of  HPCF-0  (a)  and  HPCFs  (b). 


lOOnm,  and  the  thickness  of  the  walls  around  them  is  less  than 
lOnm.  It  can  be  seen  that  HPCF-0  has  uninterrupted  network  and 
open  structure  constructed  with  nano  carbon  fibers  from  the  car¬ 
bonization  of  biopolymers  of  banana  peel,  and  there  are  a  few 
natural  micro  cracks  retained  on  the  pore  walls  (Fig.  8a).  HPCFs 
also  has  an  open  structure  with  interconnected  macropores  but 
there  are  many  new  pores  smaller  than  50  nm  on  the  walls  of 
macroporous  cores  (Fig.  7b),  which  affect  its  electrochemical  per¬ 
formance.  The  TEM  image  (Fig.  8b)  reveals  that  the  sizes  of  natural 
cracks  in  HPCFs  are  expanded  and  there  are  lots  of  new  disorder 
mesoporous  and  microporous  texture  on  the  pore  walls  which  can 
provide  a  short  ion-transport  pathway  through  the  walls.  Hence, 
HPCFs  will  have  good  electrochemical  properties  due  to  its  high 
surface  area  and  self-supported  hierarchical  structure  composed  of 
macroporous  cores  with  mesoporous  and  microporous  channels. 

The  improved  graphitization  degree  and  the  hierarchical  struc¬ 
ture  of  HPCFs  are  expected  to  enhance  its  electrochemical 
properties  [45].  Fig.  9  shows  the  cyclic  voltammetry  curves  of  HPCFs 
electrodes,  whose  potential  window  was  chosen  in  the  range  of 
-1  to  0  V  versus  SCE.  It  can  be  observed  that  the  HPCFs  electrode 
presents  a  nearly  perfect  quasi-rectangular  voltammogram  shape 
at  sweep  rates  from  20  to  400mVs_1  without  any  redox  peaks. 
During  the  electrochemical  tests,  three  electrochemical  processes 
are  involved,  buffering  ions  in  the  macroporous  cores,  transporting 
ions  through  the  mesoporous  channels,  and  confining  ions  in  the 
micropores.  At  high  sweep  rates,  the  specific  capacitance  is  mostly 
attributed  to  mesopores  and  macropores  of  HPCFs.  The  specific 
capacitance  decays  ca.  15%  with  the  increasing  sweep  rates  from 


Fig.  9.  Cyclic  voltammetry  curves  of  HPCFs  at  different  loading  current  densities. 


Time  (s) 


Fig.  10.  Galvanostatic  charge-discharge  curves  of  HPCFs  at  different  scanning  rates. 

20  to  400 mV s-1  (Fig.  SI),  indicating  the  excellent  mesoporosity 
and  consequent  good  capacitance  retention  of  HPCFs. 

The  galvanostatic  charge-discharge  behaviors  at  various  cur¬ 
rent  densities  are  also  measured  for  specific  capacitance  evaluation. 
As  shown  in  Fig.  10,  no  obvious  voltage  drop  can  be  observed 
at  the  beginning  of  the  discharge  process  for  the  HPCFs  elec¬ 
trode,  and  the  charge-discharge  curves  at  current  densities  from 
1  Ag-1  to  10 Ag_1  display  regularly  triangular  shapes  showing 
good  columbic  efficiency  and  ideal  capacitor  behavior  for  HPCFs. 
As  shown  in  Fig.  S2,  with  the  current  increases,  the  capacitance 
of  HPCFs  declined  slightly.  The  calculated  specific  capacitance  of 
HPCFs  is  206 Fg_1  at  a  current  density  of  1  Ag-1,  while  the  spe¬ 
cific  capacitance  still  exhibits  relative  high  (182  Fg-1)  at  a  higher 
current  density  of  10  Ag-1  with  the  retention  of  88%.  These  results 
indicate  that  HPCFs  is  suitable  for  fast  ion  transportation.  As  an 
electrode  material  for  supercapacitors,  HPCFs  exhibits  excellent 
electrochemical  performance  especially  at  high  current  density. 
Fig.  S3  displays  the  variations  in  discharge  capacitance  for  the 
HPCFs  electrode  as  a  function  of  cycle  number  at  a  current  density 
of  10Ag_1.  It  is  noteworthy  that  HPCFs  electrode  exhibited  about 
1.7%  capacitance  decay  after  1000  cycles. 

4.  Conclusions 

We  have  for  the  first  time  employed  banana  peel  based  zinc 
complexes  as  a  self-template  to  prepare  HPCFs.  The  resulted  HPCFs 
are  composed  of  macroporous  cores  with  mesoporous  and  micro¬ 
porous  channels.  The  unique  self-supported  hierarchical  structure 
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possesses  a  high  specific  surface  area  (1650  m2  g_1)  and  provides  a 
more  favorable  path  for  electrolyte  penetration  and  transportation, 
which  give  rise  to  the  excellent  electrochemical  property  of  HPCFs 
as  an  electrode  material  for  supercapacitor.  The  calculated  spe¬ 
cific  capacitance  of  HPCFs  electrode  in  6molL_1  KOH  is  206  Fg-1 
at  a  current  density  of  1  Ag-1,  while  the  specific  capacitance  still 
exhibits  relative  high  (182 Fg-1)  at  a  higher  current  density  of 
10  Ag_1  with  the  retention  of  88%,  and  it  is  noteworthy  that  HPCFs 
electrode  operated  at  a  current  density  of  10  Ag_1  exhibited  about 
1 .7%  capacitance  decay  after  1 000  cycles.  Besides,  this  self-template 
approach  would  be  industrially  feasible  due  to  its  ease  and  low 
cost  of  production.  The  results  demonstrated  in  this  work  offer 
the  promising  prospects  for  the  application  of  HPCFs  with  high 
current  charge  and  discharge  capability  as  electrode  materials  in 
supercapacitors  which  meet  the  need  of  high  power  density. 
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